2 ) to investigate the relationship between an insertion (I)/ deletion (D) polymorphism of intron 16 of the angiotensin converting enzyme (ACE) gene and proteinuria. Proteinuria (± or greater) was determined with a reagent strip. The prevalences of proteinuria were 9.2, 13.3 and 24.3% in the subjects with the ACE II, ID and DD genotype, respectively. There was a significant difference between the II and the DD genotypes in the prevalence of proteinuria. No difference among the three genotypes was observed in blood pressure, total cholesterol, HDL-cholesterol, triglycerides and HbA 1C . When the subjects were divided into two groups according to the result of urinalysis, the prevalence of the DD genotype was significantly higher in the group with proteinuria (28.1%) than in the group without it (13.7%). Multiple logistic regression analysis showed that the ACE DD genotype was independently related to proteinuria. The results suggest that the ACE DD genotype may be an independent risk factor of proteinuria in Japanese overweight men. It is specially important for subjects with the ACE DD genotype to prevent the other risk factors of proteinuria such as diabetes, hypertension and obesity by keeping healthy life-style habits.
In Japan, many adults undergo an annual health check up which includes a qualitative urine examination. Proteinuria (+ or greater, as determined using a reagent strip) is detected in 0.6-2.3% of Japanese adults 1, 2) . In most cases, the etiology of proteinuria detected during a health check up remains unknown, because renal biopsy is rarely performed in the case of intermittent, orthostatic and mild to moderate persistent proteinuria. Fewer than 1.5% of asymptomatic patients with proteinuria may have serious urinary tract disorders 3) , but several studies have suggested that microalbuminuria [4] [5] [6] [7] in addition to proteinuria 8, 9) was a predictor of increased mortality or vascular diseases. It is therefore important to investigate t h e f a c t o r s a s s o c i a t e d w i t h p r o t e i n u r i a a n d microalbuminuria. Cross-sectional population studies have suggested that proteinuria is associated with various factors such as blood pressure, the plasma glucose level, body-mass index and smoking 2, [10] [11] [12] . Recent studies suggested that albuminuria in type 1 13, 14) and type 2 [15] [16] [17] [18] diabetes, and hypertension 19) might be associated with angiotensin converting enzyme (ACE) gene polymorphism, which is characterized by an insertion/ deletion (I/D) of intron 16. The ACE gene polymorphism is related to the serum and cellular levels of ACE, and accounts for about half of individual variation in the serum ACE level 20) . The highest and lowest ACE levels are found in DD and II homozygotes, respectively 20) . ACE converts angiotensin I into the vasoactive angiotensin II and inactivates bradykinin, which results in increased intraglomerular pressure due to increased efferent arteriolar resistance 21) . Inhibitors of ACE have an antiproteinuric effect in patients with diabetic and nondiabetic nephropathy, which cannot be explained only by a decrease in systemic blood pressure [22] [23] [24] . Based on these findings, it is conceivable that proteinuria or microalbuminuria in the general population may also be associated with the ACE gene polymorphism. In this study, we examined the relationship between proteinuria (± or greater) determined with a reagent strip and the ACE genotypes in overweight men, who had a higher prevalence of proteinuria.
Subjects and Methods

Subjects
The subjects for this study were 237 men aged 25-67 yr with a body-mass index of 25.0-34.8. They visited the obesity clinic of a company after an annual health check up, seeking advice on how to change their lifestyles and lose weight. Informed consent was obtained from them. This study was approved by the Ethics Committee of the workers' company.
Methods
We utilized the data from an annual health check up. Body weight was measured with light clothes on, but without shoes. Blood and urine samples were taken after a 12-h or longer fast in the morning. Urine was qualitatively examined with a reagent strip. Proteinuria was defined when the reagent strip indicated ± and hematuria when it indicated 1+. Serum triglycerides, total cholesterol and HDL-cholesterol were measured by commercially available enzymatic methods. HbA 1C levels w e r e m e a s u r e d b y h i g h -p e r f o r m a n c e l i q u i d chromatography. The reference range of HbA 1C was 4.3-5.8%.
ACE genotype
DNA was extracted from peripheral blood leucocytes with a commercially available DNA extraction kit, Dr. GenTLE (Takara Biomedicals, Otsu, Japan). The ACE genotype was determined by polymerase chain reaction with primers flanking the polymorphic region of intron 16 25) . To avoid mistyping heterozygotes as DD, DNA from subjects with the DD genotype was amplified again according to the method of Lindpaintner et al. 26) The PCR products were separated on a 2% agarose gel containing ethidium bromide.
Statistical analysis
Data was analyzed by the Statistical Analysis System (SAS Institute, Cary, NC). The two-tailed Fisher's exact test and the Dunnett's test were used to compare group proportions and group means, respectively. The multiple logistic regression model procedure was used to examine the variables associated with proteinuria. Differences with a p value of <0.05 were considered statistically significant.
Results
Among the 237 overweight men, the prevalences of the II, ID and DD genotypes were 36.7, 47.7 and 15.6%, respectively (Table 1) , which were similar to those reported previously in healthy Japanese [27] [28] [29] . The prevalences of proteinuria were 9.2, 13.3 and 24.3% in the subjects with the II, ID and DD genotype, respectively. There was a significant difference in the prevalence of proteinuria between the subjects with the II genotype and those with the DD genotype. Among the 32 subjects with proteinuria, only 3 showed signs of both proteinuria and hematuria. Seven subjects with proteinuria had a HbA 1C of 6% or higher, and/or were taking medication for diabetes. No differences were observed in blood pressure, total cholesterol, HDL-cholesterol, triglycerides and HbA 1C among those three ACE genotype groups. When the subjects were divided into two groups according to the result of urinalysis, the prevalence of the DD genotype was significantly higher in the group with proteinuria (28.1%) than in the group without it (13.7%) ( Table 2 ). There was no significant difference between the two groups in the prevalences of the II and the ID genotypes. Multiple logistic regression analysis showed that the DD genotype was the most important factor with an odds ratio of 4.1 (Table 3) . Neither obesity (p=0.078), age, blood pressure, HbA 1C (p=0.052) nor smoking was associated with proteinuria.
Discussion
The present study showed that the ACE DD genotype might be associated with proteinuria in Japanese overweight men. The relationship between the ACE D allele and proteinuria has been studied mostly in type 1 13, 14, [30] [31] [32] [33] and type 2 diabetes 15-18, 31, 34, 35) . Some studies showed an association betweeen the two [13] [14] [15] [16] [17] [18] , but others failed to confirm those findings [30] [31] [32] [33] [34] [35] . A meta-analysis did not suggest that this factor played a role in the initiation of diabetic nephropathy 36) , but studies seem to support an association of the ACE D allele with progression of renal disease in type 2 diabetes 28) . There are also conflicting data on the association between this ACE genotype and the severity of primary renal diseases such as immunoglobulin A nephropathy and polycystic kidney 37) . In the present study, the etiology of proteinuria was not identified. Most of the subjects with proteinuria were not considered as diabetics judging from their HbA 1C levels and prevalence of the subjects who were taking medication for diabetes. In the urine screening of school children with a reagent strip, only 10-20% of those who had proteinuria ( +) in the first urinalysis were reported to have proteinuria in the subsequent examination 38, 39) . This suggests that proteinuria in a single urinalysis may correspond to benign isolated proteinuria such as idiopathic, functional and postural proteinurias in most cases. Because in our study even those with a ± were included among the subjects with proteinuria and proteinuria was judged based on the results of one urinalysis, most of our proteinuric patients may not have presented histologically abnormal changes in the kidney. Thus benign isolated proteinuria may be associated with the ACE genotype.
The subjects of the present study were overweight men. The correlation between massive obesity and proteinuria has been previously reported [40] [41] [42] . In recent studies, we have shown that moderate obesity (mean BMI: 26.9) may also be a risk factor of proteinuria independently of blood pressure and HbA 1C levels 2, 43) . Although the mechanism of this association between obesity and proteinuria remains unclear, glomerular hyperfiltration has been considered to play an important role 44, 45) . Increased blood flow volume, renal blood flow 46) and glomerular filtration rate 47) , and nutritional factors such as protein intake 48) may contribute to this glomerular hyperfiltration in obese patients. An increased ACE level in DD homozygotes may further accelerate glomerular filtration.
There were some limitations to our study. Proteinuria was determined based on the results of a single qualitative urinalysis and included those with ± proteinuria. In addition, the etiology of proteinuria was not identified. Nonetheless, the present study suggests that Japanese overweight men with the ACE DD genotype may have a higher prevalence of proteinuria. Because proteinuria may be associated with increased mortality and vascular diseases [4] [5] [6] [7] [8] [9] , overweight men, in particular those with the ACE DD genotype, should try to maintain healthy lifestyle habits and lose weight to prevent the other risk factors of proteinuriat. Further cross-sectional and prospective studies are needed to draw a definite conclusion. 
